Little is known about the impact of trauma on geriatric injury survivors' life expectancy. Does trauma in older adults influence time to death? What key patient and injury variables can predict 5-year postdischarge survival? This retrospective study used Cox proportional hazards models to quantify seniors' risk for death within 5 years of injury and identify variables associated with life expectancy. The hazard ratio for death in subjects versus matched controls was 6.26. Six patient and injury variables were identified that predicted 5-year vital status in the final multivariate model. There is an ongoing relationship between injury and shortened lifespan in geriatric trauma survivors. This relationship appears to be largely influenced by host factors, rather than by injury variables.
incidence of major traumatic events remains lower in the geriatric population than in any other age group, the overall frequency of injury is highest among seniors (M. Hall & Owings, 2000) . Because of these trends, geriatric trauma patients constitute the fastest growing segment of the population treated in trauma centers (Mann, Cahn, Mullins, Brand, & Jurkovich, 2001) . In some areas of the country, the number of older women hospitalized for injury now exceeds that of young men (Clark & Chu, 2002; Richmond, Thompson, Kauder, Robinson, & Strumpf, 2006) .
High in-hospital case fatality rates have been well documented in geriatric trauma patients. Following injury, older adults experience an in-hospital mortality that is two to six times greater than that of their comparably injured but younger counterparts (Battistella, Din, & Perez, 1998; MacKenzie et al., 2006; Richmond, Kauder, Strumpf, & Meredith, 2002) . Nevertheless, little is known about the long-term effects of trauma on geriatric patients who survive to hospital discharge. LWW/AENJ AENJ-D-09-00022R1
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Advanced Emergency Nursing Journal Do injured seniors who leave a trauma center alive experience a normal lifespan, or is there an ongoing association between traumatic injury and early demise? Several groups of researchers have noted that in-hospital death rates substantially underestimate the mortality associated with injury in the elderly. Investigators who have examined the short-term survival of trauma patients have noted that postdischarge death rates within 30, 60, 90, 180, and 360 days of discharge exceed those expected for equivalent-age individuals in the general population (Cameron, Purdie, Kliewer, & McClure, 2005; Irwin, Arthur, Mullins, & Hart, 2004; Mann et al., 2001) . This finding is consistent for all age groups, but the difference between actual and expected mortality is much greater among geriatric subsets.
A few researchers have documented high intermediate-term (1-4 years) mortality among senior trauma survivors. The reported incidence of death varies by the length of time subjects were tracked and by the type and severity of injuries sustained, but researchers have documented fatality rates of 9.5%-47% within the follow-up period (Battistella et al., 1998; Gallagher et al., 2003; Olson, Brand, Mullins, Harrahill, & Trunkey, 2003) . Importantly, none of these investigations compared mortality among survivors with predicted mortality for noninjured, matched controls. This makes interpreting findings difficult because of the inherently high incidence of death among older adults.
Two studies of injured seniors have examined pooled data to compare long-term (5 or more years) survival with that of matched controls. Gubler and colleagues (1997) tracked 9,424 geriatric trauma survivors (aged 66 years or older) for 5 years after hospital discharge. Using Medicare records, patients were matched with uninjured individuals for age, sex, and preexisting conditions (PECs). Researchers found that the relative risk of death over a 5-year period in those who had suffered traumatic injury was 1.7 times higher than that of uninjured controls. Similarly, in an investigation using data from the Longitudinal Study on Aging, McGwin, Melton, May, and Rue (2000) followed 102 discharged geriatric trauma patients (aged 70 years or older) for a 6-year period subsequent to injury. They observed a hazard ratio for mortality of 1.5 compared with that of an uninjured sex-and age-matched cohort.
Although traumatic injury appears to be associated with shortened lifespan in seniors who survive to trauma center discharge, no large-scale study has been published, identifying the long-term impact of trauma on older adults-across the spectrum of injury types and severity-in a well-established and wellcoordinated trauma care system, compared with population-based life expectancy norms.
Purpose and Specific Aims
The research question for this study was as follows: Is traumatic injury related to time to death in geriatric patients who survive to trauma center discharge? If so, what key patient and injury variables predict 5-year postdischarge survival? These questions were addressed in two specific aims. Aim 1 was to quantify the impact of injury on the 5-year survival of discharged elderly patients in the Oregon Trauma Registry (OTR) compared with a hypothetical, age-, race-, and sex-matched referent group derived from U.S. Life Tables. Aim 2 sought to identify key patient and injury variables-present at the time of hospital discharge and currently documented in the trauma registry-that predict the 5-year vital status of geriatric trauma survivors.
METHODS

Study Site
Although 37 states currently maintain statewide trauma registries, only 15 registries-including Oregon's-are comprehensive, capturing data from small rural hospitals as well as from large urban facilities (U.S. Department of Health & Human Services, 2002) . Moreover, the Oregon trauma patient registry is the second oldest in the country. As such, Oregon offers an ideal opportunity to look longitudinally at the relationship between trauma and long-term geriatric survival-across the spectrum of injury types and injury severity-in a state with an inclusive, well-established, and well-coordinated system of care. The OTR is a high-quality database compiled from standardized reports submitted electronically by all trauma care facilities throughout the Oregon Trauma System. Designated hospitals are required to report specific data to the registry within 90 days of the death or discharge of any patient who meets trauma system criteria (Kai-tak, Harding, Jarvis, & Werner, 2006) .
Design and Data Sources
Approval for this retrospective, cohort design study was granted by the institutional review boards of the Oregon Health & Science University, the Public Health Division of the Oregon Department of Human Services, and the National Center for Health Statistics (NCHS). The primary data source was all patients entered into the OTR between 1992 (registry inception) and 2000, who were at least 65 years of age at the time of injury, and who were discharged alive from a trauma center. Subjects were included regardless of their mechanism of injury or Injury Severity Score (ISS). The year 2000 was selected as the data endpoint to allow 6 years to elapse from the time of injury to study initiation. After identifying appropriate subjects in the OTR, records were crosslinked with the National Death Index (NDI) and the Social Security Death Index (SSDI) to ascertain: (a) vital status (dead or alive) 5 years postinjury and (b) subjects' age at the time of death.
For subjects injured between 1997 and 2000, expected age at death (life expectancy) was determined by assigning hypothetical controls-derived from the U.S. Life Tablesmatched for age, race, sex, and year of injury. Subjects injured prior to 1997 had to be excluded from Aim 1. Only since 1997 have U.S. Life Table life expectancy projections been published for each year of age, a degree of data precision necessary for this study.
Subject Sample
Patient records for this project (N = 4,572) were received electronically from the OTR. A unique number was assigned to each record. Because some patients had several records for the same injury event and others had more than one traumatic event during the study period, an index hospitalization record was identified and a unique number was assigned to each subject (n = 4,162). A total of 367 subjects had multiple records for a given injury event (indicating interfacility transfers), and there were 27 trauma recidivists in the database with a second or even a third (n = 1) injury. By identifying index hospitalizations, each unique individual appeared only once in the final data set.
Death Ascertainment
To determine death date and ascertain 5-year vital status, the names, sex, birth dates, and social security numbers from all records received from the OTR were submitted to the NCHS. Using their probabilistic matching algorithms, the NCHS crossmatched these patient identifiers with the NDI. The NDI crossmatch produced 21,741 potential matches. An exact NDI match (evidence of death) was established for 2,422 subjects. For the remaining records, no match, or only partial matches, was retrieved. Each subject with an uncertain vital status was individually searched in the online SSDI to identify deaths not captured by the NDI. Altogether, of the 4,162 index hospitalization records received from the OTR, 529 (12.7%) were excluded prior to analysis because of incomplete or erroneous data. The final sample consisted of 3,633 subjects, 1,970 of whom met Aim 1 criteria.
Data Analysis
Survival analysis procedures have been used by several researchers to identify excess death in trauma and critical care patient populations Gubler et al., 1997; Wright, Plenderleith, & Ridley, 2003) . Cox proportional hazards model is a survival analysis technique that calculates the time elapsed between a given starting point and a specified event (Blackwell & Pagano, 1996) . The initial point of interest in the present study was discharge from a trauma center following injury, and the "event" of interest was death. The time variable was years from injury until death. Through a process referred to as censoring, survival analysis is able to account for both persons lost to follow-up and those in whom the event (death) has not yet occurred by the end of the observation period (Kleinbaum, 1996) .
To accomplish the first aim (quantify the impact of injury on the 5-year survival of elderly patients), each of the 1,970 Aim 1 subjects who died within the 5-year interval was assigned a survival time that corresponded with the time from injury to death (5 years or less). All 1,970 hypothetical matched controls were assigned a time to death according to individualized U.S. Life Table projections based on age at the time of injury, year of injury, sex, and race. Both subjects and controls were given a dichotomous vital status designation, indicating whether they were alive or dead at the 5-year mark. Cox proportional hazards model was used to analyze differences between the observed lifespan of patients in the sample and their expected lifespan, identifying a hazard ratio that reflected differences in the actual versus projected rate of death within 5 years.
For Aim 2 (identify patient and injury variables that predict 5-year vital status in elderly trauma survivors), all 3,633 subjects (no controls) were entered into bivariate and multivariate Cox proportional hazards models to examine predictors of postinjury survival time. The goal of Aim 2 was to answer the question: Are there patient and injury variables, documented at the time of trauma center discharge, which can forecast time to death? Predictor variables extracted from the OTR and entered into regression analyses included the following:
1. Preinjury patient variables-sex, age at the time of injury, and num-ber of systems with preexisting dysfunction. 2. Injury variables-mechanism of injury, location of injury occurrence, and ISS. 3. Postinjury patient variables-intensive care unit (ICU) length of stay, non-ICU length of stay, grouped ICU length of stay, discharge disposition, and discharge limitations score. The OTR, NDI, and SSDI data for each subject were entered into a Microsoft Excel (2003) spreadsheet. Descriptive statistics were used for initial data analysis. All analyses were performed with the statistical software package, SPSS, Version 16.0 (SPSS Inc., Chicago, Illinois). Bivariate analyses were run to test the significance of each predictor variable. All significant predictors were then included in multivariate analyses to look at the relative importance of the predictors. The hazard ratios and associated significance identified patient and injury characteristics predictive of the rate of death in elderly OTR survivors.
Variable Descriptions
Age at the time of injury was calculated in years to two decimal places. The OTR reports preexisting medical conditions in each body system simply as present or absent, without reference to disease type, number, or severity. Therefore, for the purposes of analysis, the total number of reported body systems with a documented preexisting disease was summed into a new composite variable, number of systems with preexisting dysfunction, to provide an overall picture of each subject's preinjury comorbidity status (range = 0-9).
Mechanisms of injury were dichotomized to blunt or penetrating; very few crush, burn, or blast injuries occurred in subjects. There were five categories for location of injury occurrence: roadways, farm/logging/ industrial, home, residential institution, and other/unknown. All lengths of stay were calculated in days. Grouped ICU length of stay was divided into three categories: 0 day, 1-14 days, or greater than 14 days. Potential The OTR documents a brief assessment of patients' postinjury feeding, locomotion, and communication functional status. In each of these functional areas, abilities are scored as independent, moderately independent, moderately dependent, or dependent. For the purpose of analysis, these terms were converted to numeric scores (1-4) and the categories were summed to create a composite discharge limitations score (range = 3-12), providing a global representation of each subject's functional status at the time of trauma center discharge.
RESULTS
Sample Description
During the study period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , 3,633 OTR patients met all inclusion criteria. The sample was 53% men and 94% Caucasian ( Table 1 ). The average age at the time of injury was 76.8, but mean age increased over the nine study years and was highest in women. Sixty-three percent of patients had one or more documented preexisting comorbidity at the time of injury. No preinjury locomotion or communication limitations were reported in 95% of cases. Ninety-seven percent of subjects had a blunt (vs. penetrating) mechanism of injury. Motor vehicle collisions and falls were the mechanisms responsible for 50% and 33% of injuries, respectively. Roadways (57.3%) and homes (27.3%) were the most frequent injury locations.
Subjects sustained a mean of 3.85 injuries, most commonly to external body surfaces. However, the anatomic locations that suffered the highest mean injury scores were the head, chest, and spine. Nearly half of all patients had a low ISS (0-9, mild injury) and only 8% achieved a score of 25 or higher (very severe injury). Over half of the subjects (55%) were treated in a Level I trauma facility at some time during their hospitalization, 351 interfa- cility transfers were performed, and six patients were never cared for at a designated trauma center. Average hospital length of stay was 8 days. Fifty-six percent of cases required ICU admission, but 92% of these patients spent less than 2 weeks in an ICU. Half (51.7%) of all subjects were discharged home; one third (32.9%) were discharged to a skilled nursing or intermediate care facility. At the time of discharge, locomotion, communication, and feeding functional limitations were present in 37%, 12%, and 18% of subjects, respectively. 
Aim 1 Results
Only 54.3% of the 1,970 OTR cases injured between 1997 and 2000 were alive 5 years postinjury, whereas 90.1% of their hypothetical, matched controls survived this same period. Mean time to death for controls who died was 4.05 years; mean time to death for cases who died was 2.03 years. The overall hazard ratio for death within 5 years of injury for subjects was 6.26, a number 526% higher than that of their matched actuarial controls ( Figure 1 ). However, the 5-year hazard ratio varied by sex: males 7.42 and females 5.31.
Aim 2 Results
Hazard ratios for 5-year survival in the initial bivariate analyses are shown in Table 2 . Of the preinjury, injury, and postinjury variables tested, only sex, age at the time of injury, preexisting systems dysfunction, location of injury occurrence, discharge disposition, and discharge limitations score predicted 5-year vital status in the final, multivariate model. Hazard ratios for the significant preinjury variables were as follows: sex (females served as the referent group), 1.39; age at the time of injury, 1.05 (per year of age beyond 65 years); and preexisting systems dysfunction, 1.21 (per system). Hazard ratios for the variables location of injury occurrence, discharge disposition, and discharge limitations score were also examined. Compared with those injured on roadways, persons whose trauma occurred in a residential institution had a hazard ratio for death of 3.07, whereas those injured at a farming/logging/industrial site experienced a hazard ratio of 0.48. Compared with a home discharge location, the 5-year mortality hazard for subjects discharged to a skilled nursing or intermediate care facil-ity was 1.24; the hazard ratio for those discharged to an acute care facility was 2.82. Discharge limitations scores also predicted 5year vital status. Compared with subjects with a discharge limitations score of 3 (no limitations), persons with scores of 7-9 (moderate limitations) or 10-12 (severe limitations) had hazard ratios for death within 5-years of 1.47 and 3.00, respectively. 
DISCUSSION
This study is presumed to be the first largescale investigation to employ actuarial data to identify the increased long-term burden of mortality on geriatric trauma survivorsacross all injury types, mechanisms, and severities-to provide a comprehensive perspective of posttrauma outcomes in a state with an inclusive and well-established trauma system. Two key findings were evident. First, there is a quantifiable, ongoing, long-term (5 years) relationship between trauma and shortened lifespan in geriatric OTR subjects who survive to trauma center discharge. The second key finding is that this long-term relationship between trauma and death appears to be largely associated with host factors, rather than with variables directly connected to the injuring event.
Preinjury Host Status as a Predictor of Long-Term Survival
Research has shown an association between advancing age and reduced survival following injury, but little is known about the effects of physiologic reserve, resilience, and frailty on long-term trauma outcomes (Jacoby, Ackerson, & Richmond, 2006) . Findings from this investigation underscore the conclusion that the long-term survival of elderly OTR patients is largely determined by host factors, versus injury variables. Subjects' sex, age at the time of injury, and number of systems with preexisting dysfunction were all strongly associated with mortality in the 5 years following the traumatic event. Unfortunately, each of these variables is a largely unmodifiable characteristic, present at the time of injury, and indicative of the underlying physiologic or functional status of the host. Gubler and colleagues' (1997) study of long-term outcomes following geriatric trauma identified a 1.7 relative risk of death (cases vs. controls) within 5 years of injury. This figure varies markedly from the hazard ratio of 6.26 noted in the present investigation. Although there are important differences among each study's subjects, the principal difference between the two investigations is the control groups used. Gubler's controls consisted of actual persons matched not only for age, race, and sex, but also for PECs. The present study uncovered a strong association between PECs and 5-year mortality yet, by comparing subjects with actuarial norms, the effect of PECs on survival could not be isolated. Although this difference in methodology precludes direct comparisons between Gubler's and the present investigation, it serves to highlight the important association between preinjury host status and the long-term survival of geriatric trauma patients.
Injury and Host Status as Predictors of Long-Term Survival
The vital role of host factors at the time of injury is further supported by the high 5-year mortality of subjects in this investigation who fell. Although the majority of falls are lowlevel, low-energy events, the hazard ratio for death within 5 years was 1.88 compared with that of subjects injured in motor vehicle collisions, a mechanism of injury frequently associated with a very high amount of energy transfer. These data imply that who falls may have far more to do with long-term survival than with the fall itself.
Interestingly, although ISSs have been shown to be an excellent predictor of inhospital mortality following trauma (Broos, D'Hoore, Vanderschot, Rommens, & Stappaerts, 1993; Frutiger, 1997; Tornetta et al., 1999) , ISS had no relationship to the longterm survival of elderly subjects in this study. Gubler et al. (1997) noted a relationship between 5-year survival of geriatric patients and ISS, but it was small except in the 64 subjects with severe injuries (an ISS above 25; possible range = 1-75). Even then, increased mortality was limited to the first postdischarge month suggesting, perhaps, that many of these patients were not true survivors. Rather, these individuals may have simply been moved out of a trauma center to die. 
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In the current investigation, the only injury variable that significantly predicted 5-year vital status was location of injury occurrence, yet this variable appears to be a surrogate for underlying host factors. Compared with patients whose location of injury was roadways (the referent location), persons wounded in a residential institution (presumably frail individuals) were three times as likely to die within the study period, suggesting that preexisting patient status, and not the injury itself, was likely responsible for the threefold increase in mortality. In marked contrast to persons injured in residential institutions, those traumatized at a farming/logging/industrial site (presumably robust seniors) experienced a death rate half that of those injured on a roadway.
Although subject to errors of interpretation, narrative text describing patients' injuries supports the argument that many elderly trauma patients were distinctly different from the same age persons in the general population prior to their hospitalization. For example, descriptions of injuries sustained in a residential facility include "fell while getting out of chair," "patient being wheeled into shower, fell off wheelchair and hit head," "using walker to ambulate, fell over," and "tripped on oxygen tubing." In each of these examples, the mechanism of injury and the amount of force involved were minor, yet the long-term consequences to frail patients often proved devastating.
Conversely, narrative text for subjects injured while involved in farming, logging, or industrial pursuits paints a distinctly different picture of subjects' overall level of preinjury health. Examples of trauma that occurred in this group include "pushed over and stomped on by cow";"hit by boulder";"tractor rollover while raking hay"; "parasailing into cliff"; and "3000 pound log rolled on patient." Despite the severe mechanisms of injury and the great forces involved, these narratives suggest that subjects were fairly healthy and vigorous at the time of the injury event. Therefore, the variable location of injury occurrence appears to function largely as a marker of preexistent host status, rather than as a unique predictor of 5-year survival.
Postinjury Host Status as a Predictor of Long-Term Survival
Likewise, the two postinjury variables that predicted long-term survival reflected subjects' functional status at the time of trauma center discharge. Discharge limitations score and discharge disposition both predicted 5year vital status. Discharge limitations scores served as a direct measure of functional status but, similar to the variable location of injury, discharge disposition is probably a surrogate for fraulty. Not surprisingly, subjects who required postdischarge care in a skilled nursing facility or another acute care hospital were far less likely to be alive 5 years after injury than were those who could be discharged directly home.
LIMITATIONS
Unlike investigations that have examined all mortality following trauma in older adults, this study was intentionally limited to persons who survived to trauma center discharge. Because of the high incidence of prehospital and in-hospital trauma deaths, restricting the present study to survivors inevitably underreported geriatric fatalities within the Oregon Trauma System during the study years. However, early trauma deaths are easily captured and have been well documented in numerous studies. The outcome of trauma on mortally wounded seniors is not hard to establish. Much more difficult to ascertain is what happens to those who survive to discharge, the ones our healthcare system pronounces "healed." This was the population of interest in the present study.
Other important limitations to this investigation include the fact that it was retrospective in nature, relied on secondary data, and was restricted to information contained in the OTR, the NDI, and the SSDI. In addition, findings from an overwhelmingly Caucasian population in a largely rural Pacific Northwest LWW/AENJ AENJ-D-09-00022R1
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Advanced Emergency Nursing Journal state may not be generalizable to the rest of the country. Oregon was selected as the study site precisely because it is one of few locales with a well-established, comprehensive, statewide trauma system. This minimizes confounding variables and potential biases due to local and regional variations in trauma care. However, such systemwide cohesiveness does not reflect the current level of care throughout all parts of the United States.
Although an inclusive, statewide system reduces the potential for undertriage, it is impossible to know how many injured seniors were excluded from the OTR. The Registry has no way of tracking this number, but the problem is certainly not unique to Oregon. Most trauma studies, including those specifically designed to evaluate trauma systems, include data only for patients cared for in trauma centers and entered into trauma registries (Scheetz, 2003 (Scheetz, , 2004 (Scheetz, , 2005 . Few jurisdictions have the capacity to include an evaluation of persons cared for at nontrauma centers (Lane et al., 2003) . This remains a central weakness of current trauma programs. Devising means to capture these data and include all eligible patients in the trauma care system is an important next step in trauma system development.
In the present study, only six subjects (0.2%) were never seen at a Level I, II, III, or IV trauma center, but were nonetheless entered into the trauma registry, as mandated by the Oregon Department of Human Services. Can this small number be interpreted to imply that the vast majority of older adults injured in Oregon are receiving trauma center care? Or does it simply indicate that very few patients seen outside of a designated trauma facility ever become part of the OTR database? The present study documented an overtriage rate (patients who were found to have no injuries, ISS = 0) of 2%, a figure substantially lower than the 20% or less rate that has been advocated to prevent missed injuries (Phillips, Rond, Kelly, & Swartz, 1996) . This low number suggests that there were potentially many more wounded seniors not captured by the Oregon Trauma System.
A weakness of any retrospective database is that there is usually no way to confirm the completeness of the data set, even for the individuals that it does capture. In the case of the OTR, documentation of patients' PECs appears to have been incomplete. For example, out of 3,633 elderly subjects, there were no recorded instances of preexisting immunologic, neurologic, or psychiatric disease. The absence of any subjects with these common system disorders appears improbable, especially in light of the fact that narrative notes and International Classification of Diseases codes documented many cases of cancer, Alzheimer's disease, stroke, and suicidal behavior. Understandably, information regarding preexisting medical conditions may not be easy to obtain from acutely injured patients, nor is it the primary interest of the OTR. Therefore, the number of PECs was probably substantially underestimated in this study. Yet, even when presumably underreported, PECs proved to be a strong predictor of 5-year survival.
Data regarding in-hospital complications could potentially explain many of the differences noted in long-term survival. In-hospital complications information is contained in the trauma registry and was requested in the original OTR data application, but access was denied on the grounds of provider and facility confidentiality. This, unfortunately, leaves us with an incomplete picture of each patient's in-hospital stay. Pneumonia, sepsis, shock, wound infections, delirium, falls, surgical misadventure, etc., could all have significantly influenced postdischarge survival time and yet were unknowable in this study. However, the fact that ICU and non-ICU lengths of stay were only weakly associated with 5-year survival suggests that complications, which generally extend ICU and total hospital time, may have increased the number of in-hospital deaths, but did not have a significant impact on longterm mortality. 
IMPLICATIONS FOR PRACTICE AND POLICY
The findings of this study have important implications for geriatric trauma care. Of the three measured preinjury variables associated with long-term survival-sex, age at the time of injury, and number of preexisting system dysfunctions-only the latter is potentially modifiable. It appears that patients with the healthiest preinjury status have the best prognosis for long-term survival. Therefore, helping seniors maintain a generally healthy state and limit their number of PECs may be an effective way to improve postinjury survival. Nevertheless, normal ageassociated changes, on top of a lifetime of unhealthy behaviors, limit the practicality of this approach.
A more obvious and more immediate solution to the life-shortening effects of trauma in the elderly population is to prevent injury occurrence. Great strides have been made to reduce both the incidence and extent of injury in younger subjects (Hannan, Waller, Farrell, & Rosati, 2004) . Not only have seniors been less frequently targeted for injury prevention programs, but their risk factors are also less modifiable. Children, adolescents, and younger adults are commonly wounded while participating in high-risk activities. These behaviors can be modified with protective equipment, education, and legislation. Older adults, on the other hand, tend to experience trauma in the course of routine life events. It is possible to wear knee pads while skating, learn safer rock climbing techniques, or legislate against drunk driving. However, rising from a chair, crossing a street, and driving to the grocery store are everyday occurrences in the lives of seniors. Protective equipment, education, and safety legislation have much less impact on activities of daily living, particularly in persons with reaction time, balance, sensory, judgment, or memory impairment. Lowering the incidence of trauma in older adults will require concerted efforts to change public policy. Interventions to minimize injury in seniors must be specific to the target population and will doubtlessly vary from strategies employed in younger age groups (Shinoda-Tagawa & Clark, 2003) .
Besides promoting general health and conditioning (a preinjury variable) and reducing the incidence of traumatic events (an injury variable), approaches must also be identified to target postinjury variables amenable to interventions. Patients' discharge limitations score at the time of trauma center release proved to be an important predictor of 5-year survival, which begs the question of whether this variable can be modified. In the present study, no data were available regarding in-hospital or in-home rehabilitation services. However, only 8.4% of subjects were discharged from a trauma center to a formal rehabilitative care facility. Can rehabilitative care postinjury improve functional status sufficiently to increase longterm geriatric patient survival? If so, in what subpopulations? These questions cannot be addressed with the present study's database, but their answers could significantly impact geriatric trauma care practices.
IMPLICATIONS FOR FUTURE RESEARCH
Life Trajectories
Did the injury incident knock seniors off their projected life trajectories, or were subjects already predisposed to shorter life spans? It is possible that individuals in the present study comprised an overrepresentation of the frail portion of the population. If so, this further supports the hypothesis that the higher rate of death noted in the 5 years following injury is better explained by patients' preinjury status than by their traumatic event. Life tables are designed to reflect mean survival, and there will always be individuals on either end of the normal distribution curve. Perhaps trauma, particularly in older adults, is a condition that picks off those on the lagging tail.
Trauma Registry Modifications
There are a few minor modifications to the patient information collected by trauma Although the OTR proved to be an excellent source of information, there are important limitations to its usefulness for studying geriatric trauma patient outcomes. These limitations are not specific to the current study, but have important implications for future trauma system evaluation and research. Limitations largely center on data not currently contained in the OTR, nor indeed in most other trauma registries, including the National Trauma Data Bank. Because preexisting medical conditions appear to be a strong predictor of long-term survival, better measures of PECs are needed. More complete information regarding PECs could help researchers identify the impact of specific disorders on longterm outcomes. This could be accomplished through the consistent application of a standardized, validated, and easy to use system for documenting PECs, such as the Charlson Comorbidity Index (Gabbe, Magtengaard, Hannaford, & Cameron, 2005; W. Hall, Ramachandran, Narayan, Jani, & Vijayakumar, 2004) .
Similarly, patients' functional status at the time of discharge could be more precisely documented (and thus used for analysis and comparison) by employing standardized and validated scoring tools such as the very basic Glasgow Outcome Scale (King et al., 2005) or the more detailed Functional Independence Measure (Corrigan, Smith-Knapp, & Granger, 1997) . Because this study found both PECs and functional limitations at the time of discharge to be important predictors of longterm outcome, identifying and employing more specific and accurate means of documenting these variables could potentially suggest ways to improve geriatric patient survival and predict those at risk for early demise.
Also missing from the OTR are any followup data. This information exceeds the current scope and mandate of the OTR but these data clearly have implications for care, particularly in geriatric trauma patients who experience an alarmingly high postdischarge mortality. If trauma system success is measured only by the number of patients discharged alive, then not tracking long-term outcomes, particularly in the elderly, will fail to capture important morbidity and mortality data. Collecting outcome information once a patient has been discharged from a trauma center would require a substantial commitment to follow and investigate cases. Nevertheless, can the full impact of any trauma system be determined without these follow-up data? Options include tracking only a representative sample.
Absent from the information available in the OTR are any data regarding geriatric patients' quality of life, either before or after their traumatic event. How was quality of life impacted by injury? How do Oregon Trauma System survivors view their lives postdischarge? Given the huge amount of resources consumed by elderly trauma patients (25% of all trauma care dollars), there is interest in knowing whether such expenditures are justified by beneficial outcomes (Jacoby et al., 2006) .
As the population ages and medical technology explodes, end of life and quality of life issues are becoming increasingly important to patients, family members, payors, and healthcare providers. Clinicians often waiver anxiously between aggressive versus palliative care measures for critically injured seniors and are troubled by questions regarding whether they are doing more harm than good (Dawson, 2008) . Such quality of life and ethical concerns far exceed the scope of the present study, or of the OTR, but answers are required to fully evaluate trauma system effectiveness and optimize long-term outcomes for our injured geriatric population.
Frail Versus Robust Patients
Persons classified as "older adults" comprise a highly heterogeneous group in terms of age, which differed between subjects in the present study by as much as 40 years. LWW/AENJ AENJ-D-09-00022R1
October-December 2009 r Vol. 31, No. 4
5-Year Survival Following Geriatric Trauma 335
Perhaps even more importantly, as suggested by the findings of this investigation, seniors are extremely heterogeneous in terms of physiologic status. A great deal remains to be discovered about the impact of physiology and function on trauma incidence, recovery, and long-term survival. Findings from the current investigation suggest that 5-year survival following geriatric trauma is largely determined by host factors. Therefore, what could be learned from studying both the frailest and the most robust patient subgroups? It is not surprising that frail elders experience early postinjury demise, but was the life expectancy of robust seniors significantly impacted by their acute injury event? What was the 5-year mortality of this healthiest of subgroups? Unfortunately, the current data set contains no direct measures of preinjury health status that could be used to answer these questions.
CONCLUSIONS
The goal of this study was to quantify the ongoing excess mortality burden experienced by geriatric trauma patients, to demonstrate that the relationship between injury and shortened lifespan continues well beyond the traumatic event, and to identify variables associated with postinjury life expectancy. Long-term outcome data are essential for evaluating the lasting impact of our trauma interventions. Replication of this study at individual trauma facilities, in statewide trauma systems, and with multi-regional databasessuch as the National Trauma Data Bank or Medicare files-could serve to establish benchmarks against which future performance could be measured.
As is true in so many areas of research, the easy questions have been answered. It is wellknown how many older adults are injured, how they get injured, and the type of injuries they sustain. Likewise, dismal in-hospital mortality rates for senior trauma patients have been thoroughly documented because these data have long been tracked in our trauma registries. Much more difficult questions re-main to be answered but, to move the field forward, researchers will need to look for ways to expand existing data sources to address important issues such as what impact does preinjury physiologic or functional status have on postinjury outcomes? What can be done to reduce the incidence of injury in the elderly or mitigate its effects? What characteristics or interventions significantly influence trauma recovery in the elderly? And, what impact do injury and trauma care have on seniors' quality of life? Answers to these questions can be known, but will require going well beyond the trauma registry databases currently available. Importantly, this investigation does not prove that injury shortens the lifespan of geriatric trauma survivors. However, this study establishes a methodology for examining the long-term impact of injury in the population of geriatric trauma survivors and provides baseline data useful for future comparison.
